We calculate the mass and decay constant of I = 1 2 scalar meson based on QCD sum rule. The I = 1 2 scalar mesons are composed of sq or qs (q = u, d)in quark model, the quantum numbers of spin and orbital angular momentum are S = 1, L = 1. We obtain the mass of the ground sate in this channel is 1.409 ± 0.026GeV, which is consistent with the mass of K * 0 (1430). This implies that K * 0 (1430) is the ground state of sq or qs with quantum number J P = 0 + . We also predict the first higher resonance of K * 0 (1430) is above 2.09 GeV.
Introduction
Glueball and scalar mesons should exist according to QCD and quark model. Some scalar mesons below 2GeV have been observed, such as, i) for isospin I = 0, 1 states: f 0 (600) or σ, a 0 (980), f 0 (980), f 0 (1370), f 0 (1500), f 0 (1710); ii) for I = 1 2 states: κ(900) and K * 0 (1430) [1, 2] . The number of these scalar mesons exceeds the particle states which can be accommodated in one nonet in the quark model. It is commonly believed that there are two nonets below and above 1GeV [3, 4] . The components of the meson states in each nonet have not been completely determined yet. For the scalar mesons below 1GeV there are several interpretations. They are interpreted as meson-meson molecular states [5] or multi-quark states[6] , etc.. However, from the theoretical viewpoint of quark model there must be quark-antiquark SU(3) scalar nonet.
Therefore it is important to determine the masses of the ground states ofwith quantum number J P = 0 + based on QCD. For isospin I = 0, 1 states different quark flavor may mix, and scalarstates may also mix with scalar glueball if they have the same quantum number of J P C and similar mass [7] - [12] . Some authors have tried to determine the mixing angles of the glueball withscalar mesons by using decay patterns of some scalar mesons [12] - [15] . These works imply that glueball possibly mix withscalar mesons.
For I = 1/2 states, they cannot mix with glueball because they have strange quantum number. The physical state is directly the sq and qs bound state.
Therefore the mass of the ground state of sq or qs can be determined without necessity for considering mixing effect.
QCD sum rule is a powerful tool to calculate hadronic nonpertubative parameters based on QCD [16] . It has been used to calculate the masses and decay constants of 0 −+ , 1 −+ , 2 ++ mesons before and give satisfactory results [16, 17, 18, 19] . In this paper, we calculate the mass and decay constant of I = 1/2 scalar meson with QCD sum rule. We obtain that the mass of ground state of sq scalar is 1.409 ± 0.026GeV, which is consistent with the mass of K * 0 (1430). This implies that K * 0 (1430) is the ground state of sq or qs with quantum number J P = 0 + . From the approximate SU(3) flavor symmetry, the masses of the other J P = 0 + mesons in the scalar nonet should be slightly above or below 1.4GeV. This result implies that scalars with masses below 1GeV are not quark-antiquark bound state. This is consistent with the calculation of lattice QCD which implies a nonet of quark-qntiquark scalars is in the 1.2-1.6 GeV region [20] .
The remaining part of this paper is organized as follows. In Section 2, we briefly introduce the process to calculate the scalar meson with QCD sum rule and get the Wilson coefficients for the corresponding two-point scalar current correlation function. Section 3 is devoted to numerical analysis and conclusion.
The method
To calculate the mass of scalar sq or qs meson, the two-point correlation function should be taken as
where
On one hand, the correlation function can be expressed based on the dispersion relation in terms of hadron states
whereÎ m Π(s) is the imaginary part of the two-point correlation function, which can be obtained by inserting a complete set of quantum states |n n| into Eq.(1). The result is
For the scalar states S, its decay constant f S can be defined through
where m S is the mass of the scalar state. Based on Eq.(2)-Eq.(4) the correlation function can be expressed as
where ρ h (s) expresses the contribution of higher resonances and continuum state, s 0 is the threshold of higher resonances and continuum state.
On the other hand, the correlation function can be expanded in terms of operator-product expansion at large negative value of q 2 . For convenience later, we reexpress the above equation as
where ρ
, · · · are contributions of condensates of dimension 3, 4, 5, 6,· · · in Eq.(6).
Matching Π h (q 2 ) with Π QCD (q 2 ) we can get the equation which relates mass of scalar meson with QCD parameters and a few condensate parameters. In order to suppress the contribution of higher resonances and that of condensate terms, we make Borel transformation over q 2 in both sides of the equation, the Borel transformation is defined aŝ
After assuming quark-hadron duality, we can get the formulas for the mass and decay constant of the scalar meson
where , and M is Borel parameter.
We need to calculate the Wilson coefficients in Eq. (6) to get the mass of scalar meson. Collecting the contribution of diagrams in Fig.1 , we get the result ofBρ nonp i which is listed in Appendix. 
Numerical analysis and conclusion
The numerical parameters used in this paper are taken as [16, 19]= −(0.24 ± 0.01GeV The results have been plotted in Fig.2 . We obtain the mass of scalar sq meson is m(sq) = 1.409 ± 0.026GeV (13) which is consistent with the mass of the scalar meson K * 0 (1430), m(K * 0 (1430)) = 1.412 ± 0.006GeV [1] . This implies that K * 0 (1430) is the ground state of sq or qs. From the approximate SU(3) flavor symmetry, the masses of the other J P = 0 + mesons in the scalar nonet should be also around 1.4GeV. This implies that the scalars with masses less than 1GeV, i.e., f 0 (600), a 0 (980), f 0 (980) etc., can not be quark-antiquark bound states. This is consistent with the calculation of lattice QCD which implies a nonet of quark-antiquark scalars is in the region 1.2-1.6 GeV [20] .
Further more, from the threshold s 0 we can predict that the mass of the first excited resonance in sq scalar channel should be large than
With similar procedure, we can get the decay constant of K * 0 (1430), the result is f (K * 0 (1430)) ≈ 426MeV (15) In summary, we calculate the mass and decay constant of scalar meson K * 0 (1430) in QCD sum rule. We conclude that K * 0 (1430) is the ground state of sq scalar bound state, which implies that scalar mesons below 1GeV are not light quark-antiquark bound states. We also predict that the mass of the first excited resonance of K * 0 (1430) is large than 2.09GeV. 
